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Abstract 
In this study different carbon capture and storage cluster projects have been reviewed based on their technical as well as business plan. The 
technical details for each cluster cover all of the key parameters relating to size, location, routing, technology choices, engineering and 
operation. In addition information on overall and unit costs was collected where available. Business plan for CCS cluster project evaluates not 
only what was in place, but also what would still be required to go commercial on a sustainable basis. Moreover, there were many potential 
CCS cluster projects yet to be developed, beyond the stage of initial identification of possibilities. Hence, identification of the best options in 
the regions for future CCS cluster projects was also considered. 
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1. Introduction 
Information on CCS cluster projects has been collected and reviewed with a focus on the maturity of their business plans. 
Sufficient information was found to review 12 clusters in depth and a number of other less developed clusters at a more general 
level. Based on the results the Gaps, Risks and Challenges faced by those developing CCS cluster projects were described. Some 
criteria for selecting additional cluster locations were developed and recommendations for increasing the likelihood of success 
were put forwards. The data and references for various cluster projects were gathered in a database.  
2. Business case analysis 
Collection of information on the business cases was based on the structure proposed by Osterwalder et al. 2010 [1] which 
identifies 9 key components to a successful business case. The first stage of the analysis is to extract as much data as possible 
from the literature about the 9 individual components of the business plans. The entries for each component are essentially a list 
and the expectation is that every cluster had similar entries. For example common value propositions and revenue streams are to 
be expected. The database thus includes a set of standard fields based partly on preliminary examination of the more advanced 
projects but also on Osterwalder et al. 2010 [1], own suggestions as to what types of value proposition could be offered. For each  
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field the simplest is to record a Yes or No as to whether the item is included. This method has the advantage that comparisons 
and analysis across all clusters is then easy to carry out. However simply recording a “Yes” or “No” does not accurately describe 
the state of play. For example one motivation mentioned in official documentation for building a capture plant is the “wish to be 
in the forefront of the technology”. This falls under the general heading of “Newness” which is one of Osterwalder’s proposed 
types of value proposition. Simply recording a Yes does not give enough detail to appreciate what aspect of “newness” is being 
valued. Thus a second parallel field is often included into which a short narrative text can be included in the database. 
As data collection proceeds it is inevitable that additional common elements found and when this happens additional fields are 
created in the list. 
 
The narrative explains what, according to the literature available, has been planned or implemented in each of the 9 elements of 
the business plan. A general discussion on the completeness or otherwise given the overall maturity of the cluster is given based 
on these elements. Below is brief description of each element. 
 
Key Partners 
For a successful business plan the identities of all the necessary key partners should be known and the nature of their 
relationships formulated. The degree of detail depends on the maturity of the plan. 
 
Key Activities 
There should be clarity in the plan on all of the activities which need to be undertaken. In a mature plan there are a host of 
supporting activities which some organisation has to perform. Certainly in the more advanced cluster projects a host of detail was 
found of less obvious activities such as obtaining permits, insurance, rights of way etc. all of which are essential for the CCS 
chain to function as an effective business.  
 
Key Resources 
This is closely related to the Key Activities but covers the physical resources which have to be acquired in order to operate. For 
example a pipeline and compressors may be part of the resource whilst the task of operating and maintaining the pipeline is part 
of the necessary activities. Resources can also be in the form of services.  
 
Cost structure 
The cost structure should define all of the capital and operating costs which the venture incurs and as such it is essential that all 
of these are recognised and quantified by the time the business is up and running. An assessment of how well the cost structures 
cover the full spectrum, note of any novel or valuable cost reducing methods and where novel methods from other clusters might 
be usefully applied is performed.  
 
Value propositions 
The very basic proposition for CCS is that it provides an emission reduction at a lower price than emitters have to pay to comply 
with whatever regulations, taxes, emission certificate purchases etc. apply. However there are potentially many other 
supplements to this basic proposition. In the case of CO2 supplied for EOR the emission reduction value proposition may be far 
exceeded by the value of extra oil production.  
 
Customer relationships 
This section covers the type of relationship which is established with customers. As CCS involves relatively few large customers 
these are likely to be in the form of close bilateral contractual relationships once contracts are in place. The relationship in the 
lead up to a commercial arrangement is also important. The study considers customers in a wider context than the narrow 
confines of major emitters seeking to store CO2 as a means of reducing their emissions. Governments both regional and central 
have become major contributors and are hence very significant early “customers”. Furthermore the consumers of “green 
products” such as renewable energy can also be classed as “customers”. Also within the CCS chain there may be a host of 
“internal” customers, for example those requiring specialist operational, maintenance or monitoring services for capture plant or 
storage sites, solvent reclamation services, chemical and utility supply services. The evaluation covered the extent to which the 
full range of customers and relationships with them have been recognised in business plans.  
 
Customer communication channels 
It is critical that organisations involved in the CCS business of a cluster communicate with both active and potential customers. 
The method and channels by which this is done complement the relationships which are sought with them. This section thus 
describes what methods of communication are planned or established.  
 
Customer segments 
The fact that there may be different types of customer has already been touched on in the foregoing. Where there are distinct 
classes of customer it is important that these are recognised and the relationships and communications established accordingly.  
 
Revenue streams 
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This is the last but possibly the most critical element of the whole business plan. This is not only because every business must 
have revenues to cover its costs but for CCS clusters is even more important because at present there is perceived to be a large 
gap between what customers might be willing to pay and what provision of the services would cost.  
 
Overall maturity 
The second stage of the analysis is to assess the maturity of the business plan. To some extent this is evident from the assessment 
of the forgoing elements.  
Table 1, Evaluation of different CCS Cluster business element. 
0 Not considered 
          1 Blue sky idea 
2 Mobilisation started 
3 Mobilisation in progress 
4 Mobilisation substantially complete 
5 Understanding stage started 
6 Understanding stage in progress 
7 Understanding stage substantially complete 
8 Design started 
9 Design in progress 
10 Design substantially complete 
11 Implementation started 
12 Implementation in progress 
13 Implementation substantially complete 
14 Initial plan in early management 
15 Mature managed plan 
However to make this of greater transparency the maturity of each of the 9 elements is assessed separately based on the stage of 
development rather than what has been identified. Based on these assessments an overall assessment is made. This work aims to 
provide both a good overview of the results as well as in depth analysis. The levels of maturity have thus been further subdivided 
into “started, in progress and finished”. This has resulted in the standard scale shown above. 
 
The maturity has been represented graphically on the business canvas using symbols coloured as shown to give a quick overview 
of the assessment of the status. When reading documentation this approach has proved useful to help question and ascertain the 
true state of development of the business plans. In order to interpret how these categories apply to each element of the business 
plan in a consistent way a short description of how each of the 5 main elements apply was developed. The full approach to 
collection and analysis of business case information is explained in full detail in ‘IEAGHG report Carbon Capture and Storage 
Cluster Projects: Review and Future opportunities’ [2]. 
3. Technical details 
The collection of technical details is comparatively straight forward compared to assessing the business plans. This is due to the 
fact that technical data is shared and published more openly. Also much of the basic technical data is in the public domain helped 
by the extensive support which research organisations, companies and governments have given to development of CCS 
technology. The level of detail collected about the transport system is given the greatest attention as this is the part of the cluster 
system most intensively shared. It is also the part where greatest financial savings compared to point to point projects are 
perceived to be possible. This section lists technical information on Capture, Transport and Storage respectively. The technical 
details on capture cover as far as possible information about the capture capacity of the cluster. Of interest are aspects of capacity 
such as variability, build up profile, phasing all of which are addressed in slightly different ways in the literature. Key references 
are listed in this paper but the full list of references consulted are listed in the IEAGHG study [2]  
Table2, Overview of various CCS cluster projects 
CLUSTER COUNTRY CAPACITY (Mta) Inception date Maturity 
Rotterdam Netherlands 17.5 2006 Concept 
Skagerrak/Kattegat Sweden/Denmark/Norway 14 2009 Study 
Alberta Canada 14.6 2006 Construction 
Yorkshire and Humber UK 60 2010 Study 
Teesside UK 26 2010 Study 
Collie Australia 6 2011 Concept 
Denver City USA 8.4(45)* 1985 Operating 
Gulf Coast USA 7.6(25.9)* 1999 Operating 
Rocky Mountain USA 9.5 1986 Operating 
Shenzhen City China 43 2011 Identified 
Marseille France 35.5 2010 Study 
Le Havre France 14.5 2010 Study 
Note * In brackets natural CO2 capacity 
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4. CCS cluster projects locations   
Clusters centred on the following locations were reviewed in depth in as far as information was available. The most mature 
clusters were those which are based around natural CO2 networks e.g. in the USA established for CO2 EOR. These were now 
starting to expand with some additions of captured CO2 (see Figure 1). Alberta was close to starting up the Alberta CO2 Trunk 
line system [3] which was planned to become a major cluster, again based on CO2-EOR. All the other projects were at a much 
earlier stage and rely for the most part on emission reduction credits. A number of other clusters have been identified at high 
level in the literature. 
 
 
 
Figure 1, Time line of various CCS cluster projects. 
5. CCS cluster projects capacity build up 
The capacities shown in the Table 1 were indicative of projected system capacity but were not strictly comparable. For the less 
mature projects these were indicative of what might be available to capture whilst for the mature systems in the USA they 
indicate the current or near term expectation.  
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Figure 2, Different CCS Cluster projects CO2 capture capacities. 
 
The three systems in the USA were under-pinned by transport of very large amounts of naturally occurring CO2 and some CO2 
separated from natural gas. This latter could be regarded as being naturally occurring as it was not produced by combustion or 
through chemical reactions in other industrial processes. The published material on CCS clusters often shows phased build up or 
presents several scenarios where increasing fractions of CO2 emissions in the cluster region were captured.  These quantities 
were displayed in the chart above and occur in the assessed order of maturity (see Figure 2). Clusters which were closer to 
realisation have often identified a first anchor project phase and these projects were shown in bright green in the chart. The 
naturally occurring CO2 was indicated by purple bars and CO2 separated from natural gas by dark green bars. Progressively 
lighter shades of blue bars indicate tranches of proposed capacity based on figures from the scenarios. The expectation was that 
the likelihood of implementation of larger capacity scenarios was progressively lower.   
 
It was difficult to draw any firm conclusions from the pattern. Clearly the financial risks were such that most clusters appear to 
plan for a small start with an anchor project with the potential large longer term capacity a spur to making the initial steps. 
Additions of captured CO2 capacity to the US clusters were also relatively small compared to current throughputs. Reaping the 
rewards of economies of scale often mentioned in the context of CCS clusters may prove to be difficult to achieve in practice.    
 
6. CCS Cluster Project Technical Evaluation 
Various CCS cluster project were evaluated in this study and Table 4 gives a short summary of technical details of different 
cluster projects. It can be noticed that these CCS cluster projects are based on into different CO2 emission sources other than 
power plant such as chemical plant, fertilizer plant, H2 production, biomass and refinery. There are few cluster projects based on 
CO2 recovery from natural gas processing such as Denver City Hub Cluster and Rocky Mountain Cluster. Regarding the choice 
of CO2 capture technology either it is based on one technology such as Skagerrak/Kattegat Cluster [4] and La Havre Cluster [5] 
on post combustion capture, Yorkshire and Humber Cluster on oxyfuel combustion, where as other cluster projects such as 
Rotterdam CCS Cluster Project [6,7], Marseille area Cluster [8] on different capture technologies (post, pre and oxyfuel 
combustion) have been planned to be implemented at different stage of project. In post combustion capture technology several 
key design issues such as pressure drop, gas velocity, selection of materials were addressed in the study for Le Havre, France 
CCS cluster project. Pooling flue gases to central locations was found not always to be the best solution and alternatives in which 
solvent was distributed to absorbers closer to installations were also studied. The local collection of CO2 from the pooled capture 
locations was also investigated. Collection using high pressure, low pressure and refrigerated liquid conditions were compared 
with the conclusion that high pressure or refrigerated liquid based collection systems were cheaper. 
 
The use of waste heat supplemented by heat pumping was identified in the Skagerrak/Kattegat cluster as having potential to 
greatly reduce extra energy costs (see Table 3). The principles and equipment needed to use waste heat are well developed and 
understood. It does however represent a technical challenge to apply this technology effectively in the context of CO2 capture in 
a wide range of industries and situations. Five industrial sites were analyzed including 3 refineries, an ethylene cracker and an 
ammonia plant. The waste heat was distributed between residual heat in flue gas stacks and many process streams. To collect the 
heat will thus require installation of a significant number of heat exchangers. In 4 of the 5 plants there was insufficient heat 
above 129°C to satisfy demand and 3 designs included use of heat pumps to raise the temperature of low grade waste heat. In the 
final site an additional biomass boiler was needed, as a heat pump was not appropriate. The table below summarizes the amounts 
of heat available, the number of process sources and chimneys from which heat could be recovered as well as the estimate of the 
7252   Prachi Singh and Mike Haines /  Energy Procedia  63 ( 2014 )  7247 – 7260 
shortfall to be provided by heat pump or supplementary boiler. This gives an impression of both the potential and the degree of 
complication. 
 
Table 3, Waste heat availability at typical locations in Skaggerak/Katttegat Cluster study 2012 
Regarding to the CO2 capture cost different cost have been proposed in different cluster projects. In Skagerrak/Kattegat Cluster 
costs per ton CO2 captured range from €33 for a coal plant using chilled ammonia, €44 with MEA, €46-65 for the industrial sites 
and €118-174 for the gas fired power plant. The last is high mainly because the plant has a very low stream factor. In Alberta 
Trunk line project the costs of CO2 capture are estimated at CAD 21/ton at Agrium (fertilizer plant) and CAD12/ton at Sturgeon 
(Heavy oil upgrading refinery) for 1.2Mta and 0.4 Mta capacity respectively. 
 
CO2 transportation in these cluster projects is considered by onshore and offshore pipeline. Some cluster projects such as 
Skagerrak/Kattegat Cluster and La Havre Cluster have also identified ship transportation as a feasible option (see Figure 3).  
 
(a)                                                                                                    (b)             
Figure 3, Cluster map of different projects (a) Skaggerak/Kattegat Cluster map, (b) Le Havre France, project cluster project map 
 
In the Skaggerak/Kattegat cluster project outline designs and costs for transport of 6Mta and 14Mta were investigated. Options 
for pipelines only, shipping with a few lines and an optimal mix of lines and shipping were explored. The cheapest and most 
flexible option was found to be a combination of pipelines and refrigerated shipping. The cost was found to be in the range of 
€12.1-16 /ton CO2. The Le Havre cluster study evaluated shipping on a 60 day cycle using 3 sizes of ship namely 20,000, 30,000 
and 40,000 m3. This was found to be slightly more expensive and was not particularly sensitive to ship size as long as the 
number of ships was selected so that the cycle did not involve excessive waiting. In Le Havre cluster transportation costs ranged 
from €20-23 per ton for the two step options compared to €17 per ton for a single stage onshore pipeline running at full capacity 
from the start of operations. In Alberta Trunk line cluster project CO2 total transportation cost are estimated at CAD 6.4/ton of 
which CAD 0.4/ton is Opex and CAD 1/ton is for maintenance. The line is expected to cost CAD 245million.   
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Preem, Lysekil - Refinery 40 82 225 450 1740 1479 55 4 18 Heat pump 
Preem, Gotheburg - Refinery 30 54 107 218 484 411 65 2 0 No shortfall 
Esso, Slagentangen - Refinery 4 18 56 82 365 310 10 9 4.5 Heat pump 
Barealis, Stenungsund – 
Ethylene cracker 
20 23 30 252 566 481 32 13 7.7 Heat pump 
Yara, Parsgrunn – Ammonia 
plant 
4 5 19 25 744 638 2 1 1.5 Biomass 
boiler 
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Table 4, Technical evaluation of various cluster projects. 
CCS Cluster Projects   CO2 Source Capture Transport Storage 
Rotterdam CCS Cluster 
Project 
Ist 
Phase 
Coal fired power 
plant 
Post Combustion 
Capture 25km Offshore pipeline 
Offshore P18 field, P6, 
P5, P2;  
 
IInd 
Phase Two H2 production 
Pre Combustion 
Capture 
5Mta capacity Offshore 
pipeline 42.4Mt capacity 
  
Coal fired power 
plant Oxy-combustion   
ROAD Project  
Coal and biomass 
power plant 
Post Combustion 
Capture 25km Offshore pipeline 
P18 field, P6, P4, P2; 
35Mt capacity 
Skagerrak/Kattegat 
Cluster  5 Industrial site 
Two post combustion 
MEA 
60km, 75Bar Offshore 
Pipeline 
Onshore Crystalline 
Basement Rock 
   Chilled Ammonia 
Or 7-8 Ships of Max. 
40,000m3 
Offshore Sediments; 
200Mt Capacity 
Alberta Carbon Dioxide 
Trunk Line  Fertilizer plant Rectisol process 242km onshore pipeline 
Onshore 18.8Mt 
Capacity; Clive oil field, 
EOR 
  
Heavy oil 
upgrading refinery  
12km is 12" & 220km is 
16"  
Yorkshire and Humber 
Cluster  
Coal fired power 
plant  Oxyfuel combustion 
Onshore, 150Bar and 
Offshore 200Bar  
Pipeline 
North Bramston of 
Humber Offshore  
  
Proposed Coal 
fired IGCC plant  6585Mt capacity 
Teesside UK Cluster Initial Phase 
7 Power plant, 2 
Iron & Steel,   
Offshore pipeline, 
200km Offshore storage 
  
13 Chemical 
Plants,  5 
Petroleum 
Refining, 
 
500mm, 600mm, 
900mm diameter 
pipeline were estimated  
  
7 Biomass and 
other large sources,   
  
New Coal IGCC 
plant   
Collie Hub Cluster  
CO2 capture from 
fertilizer plant, 
Chemical plant  
Onshore pipeline, 75km  Onshore Storage 
Denver City Hub Cluster  
Natural CO2 
resource,  Natural 
Gas processing  
Onshore pipeline, 
160km CO2 EOR 
Gulf Coast Cluster  
CO2 captured from 
H2 plant  
Onshore pipeline,, 24", 
320 km CO2 EOR 
Rocky Mountain Cluster  
CO2 Natural Gas 
processing plant  
Onshore pipeline, 
300km CO2 EOR 
Shenzhen City Cluster  
Coal fired power 
plant and other 
sources  
Offshore pipeline, 
250km Offshore saline aquifer 
   
60Mt depleted oil 
reservoir 
   
12Mt depleted gas 
reservoir 
Marseille area Cluster   
Post combustion, Pre-
combustion & 
Oxycombustion 
Capture 
Onshore pipeline, 14"-
30", 200km 
Onshore & offshore 
storage 
La Havre Cluster   
Post combustion 
capture 
Onshore pipeline 
150Bar, 24"& 28",  
616km;  Or 
Send to Rotterdam CCS 
Cluster 
    
Offshore pipeline 
200Bar, 28", Booster 
station 100-150km Or  
   
Ship of 20,000/ 30,000/ 
40,000 m3  
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CO2 storage in various CCS cluster projects is based on either onshore or offshore. Cluster projects such as Alberta Carbon 
Dioxide Trunk Line, Denver City Hub Cluster, Gulf Coast Cluster, Rocky Mountain Cluster CO2 send it for application in EOR. 
Regarding the cost of CO2 storage in Skaggerak/Kattegat cluster project overall costs for 14MTa storage were estimated to be 
€6.9/ton and 6Mta €11.4/ton. In Alberta Trunk Line project cost for provision of facilities at Clive oil filed (EOR) are estimated 
to be CAD100 million and unit cost for injection will be CAD 3/ton of which CAD 2/ton is for MMV and CAD 1/ton for well 
maintenance. In Teesside UK Cluster project high level costs for storage were estimated at £14, 13, 12 and 12 per ton stored for 
the 4 different sizes of project. In Shenzhen City Cluster project capital costs are estimated as CNY57 Million for 25MTa case 
and only slightly higher at CNY 62 million for the 43 MTa case. Operating costs for storage were estimated at CNY 25/ton (1 
US$ =6.5CNY).  
CCS Cluster Project Business Case Evaluation 
In this study evaluation of business case for different CCS cluster project was performed, a summary of different cluster projects 
are presented in Table 5 and 6. Partnership arrangements vary considerably but those clusters basing the business case on 
emission reductions engage a number of partners whereas a single company is often seen to be driving businesses based on CO2 
EOR. Key resources and activities are often only identified at high level in the less mature clusters and it will be important for all 
of these to be identified and resources assigned as the business is developed.  
A range of value propositions are found. CO2 EOR and the unlocking of additional oil reserves is the mainstay of the developed 
clusters. Emission reduction has not been a key feature of these developments mainly because it is not yet possible to monetarise 
it although licence to operate has played a role for example in obtaining permissions for the expansion of the gas processing 
facilities in the Rocky mountain cluster. Other clusters have identified lower cost of emission reduction than elsewhere, 
knowledge acquisition on implementing CCS, improving acceptability of coal for power generation as part of the proposition. 
Some clusters have identified meeting regional low carbon emissions, coupled with maintaining regional industrial viability and 
employment as value drivers. 
The translation of these value propositions into revenue streams is a key issue since the value of emission reductions at current 
carbon prices is seen by most clusters as being insufficient to sustain the business. Substantial initial funding from government 
sources figures strongly in the more advanced clusters. Parts are paid as a grant but parts are also released on the basis of ongoing 
quantities captured and are thus reliant on performance. There is little evidence of clusters attracting private capital although the 
Alberta cluster appears to have had some success in this with an investment of undisclosed size from Barclays Capital. The 
established CO2 EOR businesses in the USA do rely on their investors but also on funding generated by their business [9]. The 
potential value of emission reductions as a supplement to CO2 EOR revenues has been recognized and clauses have been drafted  
for contracts to cover how such revenues would be treated if they arise in the future. As yet no steps appear to have been taken to 
set up the measurement, monitoring and verification which would be needed to create these revenues.   
Obtaining government grants has required investigations for eligibility under state aid rules to be carried out and there is clearly 
concern about how large the grants needed for CCS businesses to be viable would need to be. The gap between costs and 
revenues for CCS without any income from sales to EOR is consistently found to be large in most of the studies reviewed. There 
may be more scope for State support for CCS under either EU or WTO rules than is so far recognized especially if the potential 
for unlocking additional oil revenues is considered in the evaluations.  
Most of the newer clusters have attempted a wide outreach to industry and the wider public through a variety of channels. A key 
is the use of local trade organisations and also the signing up to co-operative agreements of key industries. However in many 
cases these channels can only be used to provide general information at the current stage of development but these may 
ultimately be developed on a more commercial basis. The developed clusters however appear to foster one to one relationships 
with the cluster customers. The customer base is currently seen on a very narrow basis in that it is largely just large local emitters 
who are identified as potential customers. Other sources of direct funding from government and private investors could be 
viewed as emanating from customers in that they do provide an important revenue stream. There could be benefits from 
exploring this much further on the basis that they are potential customers. Emitting industries outside the cluster region are not 
currently viewed as potential customers although with the right financial and contractual instruments there is no reason why they 
should not be. Also the end consumer does not feature as a potential customer of the cluster, but as a customer of the emitters. 
Finally, within the complete CCS chain, there will be a host of internal customers the number depending on how the overall 
business is organized. There is much potential for analyzing and developing this “internal” customer base. 
In summary the key components on the cost side of the cluster businesses are found to be much better characterized than those on 
the revenue side. In many cases the amount of detail is still only at high level. On the value proposition/customer/revenue side 
there is much scope for innovative developments to be made which could greatly improve the viability of the business cases. 
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Table 5, Business case evaluation of various CCS Cluster projects 
 
 
 
 
 
 
 
 
 
 
Business 
Elements 
Rotterdam CCS 
Cluster Project ROAD Project 
Skagerrak 
/Kattegat Cluster 
Alberta Carbon 
Dioxide Trunk Line 
Yorkshire and Humber 
Cluster 
Key 
Partners 
Consortium named 
CINTRA; GDF Suez, 
EoN, Deltalinqs, City 
of Rotterdam, Port of 
Rotterdam 
EoN, GDF Suez 
(capture & Transport) 
and TAQA (Storage) 
No formal 
business 
partnership 
arrangements yet 
Enhance Energy to 
build and operate the 
Alberta CO2 trunk line; 
two CO2 suppliers, 
Agrium ( fertiliser 
company) & North 
West Redwater( heavy 
oil upgrading 
company); one CO2 
EOR company 
operator of  Clive oil 
field Fairborne Energy 
Ltd.  
FEED study was 
collaboration of 
Alstom, Drax Power 
and British Oxygen 
Company (Now part of 
the Linde Group). The 
Don Valley Project is 
being developed by 
2CO Energy together 
with National Grid  
Key 
Activities 
Capture, Transport, 
Storage, Intermediate 
Storage at Port of 
Rotterdam 
Still require 
completion of capture, 
transport & storage 
detailed design 
Required activities 
are recognised at 
high level only  
Ist Phase: construction 
and operation at two 
capture locations, CO2 
EOR at Clive; Attract 
new client for supply 
and CO2 EOR; Raising 
Fund 
Design, construction 
and operation of the 
first anchor project, 
White Rose; Design of 
CO2 pipeline onshore 
and offshore, Design 
proving of storage site 
Key 
Resources 
Resources on capture 
and storage on full 
cluster scale yet to be 
developed; Transport is 
in development 
Require flue gas from 
MPP3, essential 
utilities e.g. power, 
steam, cooling water; 
enough revenue 
Recognised at high 
level; Importance 
of capabilities in 
planning and 
permitting are 
identified 
Capture facilities, 
pipeline, storage 
reservoirs as well as 
expert staff for their 
operation 
Expertise in oxygen 
plant (BOC-Linde), 
power plant, Carbon 
capture using oxy-
combustion, pipeline 
(National Grid) 
Cost 
Structure 
Various Costs of 
Capture, Transport and 
Storage were evaluated 
separately 
Capture and Transport 
Capex and Opex is the 
main cost; Storage is 
expected to be paid by 
TAQA 
Identified at high 
level and 
segmented into 
overall costs for 
capture, transport 
and storage 
For main transport 
business are a unit cost 
for purchase of the 
CO2, and a transport 
tariff 
Has not been reported 
publicly, but can be 
expected to be 
reasonably well 
understood. 
Value 
proposition 
Deliver emission 
reductions through 
CCS at a lower cost 
than elsewhere 
Knowledge acquisition 
of capture plant 
operation & 
Acceptability of use of 
Coal power plant 
Costs for CCS 
could eventually 
be lower than for 
buying emission 
certificates 
Delivery of CO2 at an 
affordable price to CO2 
EOR projects; 
Reducing the local 
Alberta state “tax” on 
CO2 emissions 
Avoidance of having to 
purchase CO2 emission 
certificates; Establish a 
leading position for the 
UK in CCS 
Customer 
Relationship 
Through Trade 
association 
DELTALINQS; Under 
Rotterdam Climate 
Initiative 
Capture consortium, 
power plant and the 
funders, Also with 
TAQA 
Close involvement 
with some 
potential 
customers to 
evaluate their 
useable low grade 
heat potential 
One key investor, 
Barclays Capital, have 
been successful in 
raising capital 
Very limited details are 
available 
Customer 
Segment 
Little has been done; 
Focus is more on the 
large emitters 
Not relevant due to the 
limited number of 
customers 
Basic 
segmentation of 
customers with 
different types of 
emission sources is 
done 
3 categories: 
companies wanting 
CO2 for EOR; 
companies who have a 
source of CO2; 
organisations wishing 
to invest in 
infrastructure 
Different types of 
“customer” identified 
but no information on 
systematic 
segmentation 
Revenue 
Stream 
Tariff for the CO2 
transport; 
Loan/investment from 
government 
The main revenue 
streams are the funds 
of €180Million from 
the EU and €150 
million from the Dutch 
government 
Main income will 
be the value of 
emission 
certificates  
Government and 
private venture capital 
are the largest source 
of revenue; payments 
for CO2 delivered for 
EOR 
Emission certificates, 
contract for difference 
payments on electricity 
price, government 
funding, equity from 
investors and loans 
from investors 
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Table 6, Business case evaluation of various CCS Cluster projects. 
Business 
Elements 
Teesside UK 
Cluster Collie Hub Cluster 
Denver City Hub 
Cluster Gulf Coast Cluster 
Rocky Mountain 
Cluster 
Marseille area 
Cluster 
Key Partners 
No commercial 
partnerships have 
been formed; 
industries in the 
region are working 
together under the 
umbrella of the 
NEPIC  
6 key partners 
from private 
industry who have 
signed 
Memoranda of 
Understanding; 
also co-operating 
to set up an 
Unincorporated 
Joint Venture 
(UJV) to manage 
the project 
Kinder Morgan is 
the main partner, 
Parts of system is 
co-owned by 
Occidental, BP, 
Amerada Hess and 
Exxon Mobil.  
Denbury resources 
is looking to expand 
CO2 supply and 
transport 
ExxonMobil, Andarko, 
Chevron, Devon 
Energy, Merit Energy 
and Denbury 
Resources 
No clear 
partnership is 
established yet 
Key 
Activities 
Only activities 
undertaken to date 
have been the early 
studies on 
feasibility and costs 
Not yet been 
defined in full 
detail; Currently 
focusing on 
characterising the 
potential storage 
reservoir and 
assessing the 
pipeline route 
Operation of 
natural CO2 
reservoirs to 
supply CO2, 
Recover CO2 from 
natural gas plant, 
Operation of EOR 
facilities,  
Identify, acquire 
and develop mature 
oilfield suitable for 
CO2 EOR, Obtain 
additional supplies 
from industrial CO2 
sources, Obtaining 
government support 
for early CO2 
capture projects 
Identification of new 
CO2 sources, CO2 
transport, EOR, CO2 
storage potential, 
measurement, 
monitoring, 
verification of storage 
of injected CO2 
Only identified at 
high level, 
Shipping of CO2 is 
also identified as 
one potential 
activity 
Key 
Resources 
Identified 
favourable location 
for routing of an 
offshore  & onshore 
pipeline; connect all 
major emission 
sources; shared 
utilities 
Fertilizer plant 
(0.07Mta), Access 
to pipeline and 
storage location, 
Total 330AUD 
may be available. 
Large natural CO2 
reservoirs, High 
CO2 concentration 
natural gas 
Interconnected 
high pressure CO2 
pipeline 
Natural CO2 
reservoir and 
distribution 
pipeline, Assess 
EOR field and 
acquire them 
Sources of CO2 at 
affordable cost and 
depleted oil field 
amendable to CO2 
flood, distribution 
system of CO2 
Nearby onshore 
storage location to 
the site, 
considerable cost 
advantage. Shared 
CO2 aggregation 
network and 
capture facility 
proposed,  
Cost 
Structure 
Costs has been 
developed at high 
level 
Overall cost has 
been estimated 
Commercial 
details of the cost 
of business are not 
published. 
Cost of captured 
CO2 from different 
sources other than 
natural gas is less 
understood 
CO2 separation from 
Natural gas is well 
understood, Allocation 
of cost between CO2 
and NG is not reviled 
No cost structure 
is proposed 
Value 
proposition 
Avoidance of 
payment for 
emission 
certificates; pooling 
the infrastructure 
for transport and 
storage will be 
cheaper; able to 
claim low carbon 
credentials 
Enabling 
companies to meet 
government 
emission 
regulations, satisfy 
own corporate 
emission reduction 
goals, manage 
their CO2 emission 
cost 
Based on 
profitability of 
extracting oil 
using CO2, Cost 
per ton CO2 is less 
than extra oil 
recovery 
Oil production from 
EOR, Purchase of 
CO2 and transport 
Value  of incremental 
oil EOR, Delivery of 
CO2 at affordable 
price,  
Lowering carbon 
footprint of 
industrial region, 
Possibility of an 
increase of local 
employment by 
7%, CO2 use for 
EOR (10%) and 
Algae production 
(2%) 
Customer 
Relationship 
No commercial 
organisations yet 
being set up to 
progress 
development of 
cluster project 
Between Partners 
in UJV 
Existing between 
commercial 
departments of 
large oil and gas 
companies, also 
CO2 transporter 
and suppliers 
Similar to Denver 
City Hub 
Similar to other 
Denver City Hub 
Too early for any 
details 
Customer 
Segment 
Potential customers 
in the wider 
definition have not 
yet been explored 
No customer 
segment has been 
done yet 
Customers 
engaged in EOR, 
Natural gas 
processing or 
recycling gas 
stream from EOR 
operation 
Customer engaged 
in EOR, Natural gas 
processing 
involving CO2 
recovery and 
recycling from EOR 
Similar to other 
Denver City Hub 
No clear customer 
segment 
Revenue 
Stream 
Emitters would pay 
for transport and 
storage; interim 
funding from UK 
Government to 
progress further 
study  
Yet to be 
understood and 
defined 
Transportation 
tariff and sale of 
CO2, Processing 
CO2 containing 
natural gas 
Sales of incremental 
oil,  Revenue from 
system operators 
and government 
grant    
Sales of incremental 
oil   
At this early stage 
there is no clear 
revenue stream 
and how large 
these might be 
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Overall Business Case Maturity 
Different CCS cluster project business case analyzed in this study were also evaluated based on their business plan maturity. 
Figure 4 shows evaluation of different business element of four different CCS cluster projects. These CCS cluster were analyzed 
as there was the most information available on these projects 
 
Rotterdam Cluster Project     (b) ROAD Project 
 
 
(c) Skagerrak /Kattegat Cluster Project     (d) Alberta Trunk Line Project 
Figure 4, Business case maturity of some selected CCS cluster projects 
 
The least mature project is Skagerrak/Kattegat where all of the elements are in the mobilization phase and the development of 
customer relationships is just a concept. The wider scale RCP project is more advanced but again in most categories the project is 
just finishing the mobilization stage and understanding of implications for the business plan in all of the categories has to be 
developed. However the key value proposition of the “one stop shop” is slightly further advanced with the key partners 
mobilized but needing to understand in full detail how the proposition will be offered. Considering the ROAD project as a 
business on its own rather than as part of the wider RCP the business plan is clearly more advanced. Cost and activities are well 
understood as is the revenue stream available. The project is very targeted towards its initial customers and the key values 
propositions of knowledge acquisition and improving acceptability of coal as a fuel are understood.  By contrast the Alberta 
Trunk line has a far more developed business plan. The necessary partnerships are full designed and functioning and Key 
Activities and Resources are being put in place with construction of the key asset, the trunk line underway. Adequate funding and 
income streams have been established with firm contractual arrangements in place. The project so far relies on only two sources 
and one consumers and thus plans for developing and widening the customer base are at a much earlier stage.  
 
Other Cluster opportunities 
A number of other cluster locations where early studies have been done are identified. These included Spain and Portugal, other 
locations in USA, Saskatchewan (Canada), Baltic, UAE, Saudi Arabia, Germany and Scotland. Several general studies related to 
clustering have also been performed which include European Commission FP7 projects CO2Europipe, COMET, CO2Pipehaz 
and COCATE, a study by UNIDO and a study for the North Sea Basin task force entitled “One North Sea”. All of these are 
discussed briefly in the IEAGHG report and each contribute to the fuller understanding of cluster opportunities. Whilst these 
studies give insights into the cost savings which might be obtained through sharing pipeline infrastructure these remain 
comparatively small when compared to point to point systems.   
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Gaps in CCS Technology 
There were a few gaps in the technology required to implement cluster CCS.  Effective and accepted safety measures for large 
supercritical pipelines, particularly in more populated areas, need to be developed. This was particularly important for clusters as 
these have much higher capacities than point to point projects.  Shipping appears to be an important element of many clusters as 
it helps to overcome the problem of underused pipeline capacity during expansion. Development not only of refrigerated, 
pressurised CO2 ships but also cost effective ways for these ships to discharge and condition their cargoes into storage reservoirs 
was required. EOR was likely to be an important element of clusters because of the revenue it contributes. Methods for metering 
and verifying CO2 stored during EOR need to be developed in order to be able to monitor emission reduction credits. Cost 
effective technology to take CO2-EOR offshore, perhaps through use of floating production systems which can be redeployed, 
was needed in order to take advantage of the revenues which this can generate for cluster projects.  
 
Gaps in Commercial viability 
The main gap was in the revenue which emission reduction generates. Traded carbon price alone seems insufficient to support 
CCS whether as clusters or point to point projects. A major factor remains the high cost of capture but this was largely a 
technical issue and one which was only likely to see incremental improvements. Two ways in which this gap could be bridged 
commercially identified by the clusters were through long term ‘Contracts for Difference’ with Governments and through much 
greater State funding.  A major obstacle to either of these is competition regulation in the form of World Trade Organisation 
rules and State aid regulations such as those applied by the EU. The report suggests that in the case of CCS, especially if coupled 
with long term benefits from EOR royalty revenue to the State, much larger contributions from Governments could be 
forthcoming without running into State subsidy issues. 
 
A further gap was the lack of a market for long term options. At present CO2 reduction certificates can be traded up to 2020 and 
most trades were for dates much closer to the present. The benefits of a CCS investments available for up to 40 years by which 
time the value of reductions could far outweigh the costs. Mechanisms to make these long term options available to a much 
larger investment community would greatly help in raising the finance needed to implement CCS cluster projects. 
 
Identified Risk 
The main risks for clusters were commercial. The following were identified and were discussed in the main report.  
x Collapse of CO2 reduction certificate prices,  
x Major CO2 pipeline accident in the industry,  
x Loss of customers, 
x Loss of a storage site,  
x Withdrawal of a key partner,  
x Extensive delays in implementation,  
x Failure to gain key permissions,  
x Alternative EOR methods become more cost effective. 
Each of these could seriously threaten the viability of the ongoing business. Measures can be put in place to ameliorate the results 
of most of these events and were discussed in the main report.  
Identified Challenges 
The following largely technical challenges were identified. 
x System optimisation 
x Waste heat utilisation 
x CO2 specifications 
x Project management 
It is important to be able to optimise the costs of a CCS cluster over the full range of timescales. Methods for optimisation were 
available but the challenge is to apply them successfully to the CCS cluster system. Waste heat utilisation from industries (not 
power plants) was identified in the Scandinavian cluster as having considerable potential to reduce operating costs. Taking 
advantage of this opportunity will be an engineering challenge because of the deeper integration of capture plant with the 
industry which this will require. CO2 specifications which were technically sound, not unduly onerous and accepted by both 
capture plants and storage have to be established. It will be a challenge to do this at minimum cost especially where a range of 
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capture processes were employed and there was a range of storage destinations. Finally the management of a complete cluster 
project will be complex and the technology was quite diverse.  
 
Different parties may have different standards. Setting up an appropriate organisation with the correct choice between 
centralisation and dispersion of the project management tasks will be a challenge.    
 
There were also commercial challenges which were greater than the technical ones.  
x Business organisation 
x Business Globalisation 
x Maintaining momentum 
x Enabling incremental expansion 
x Setting up specialist services 
x Managing confidential data 
x Identifying and connecting with “customers” 
x Developing EOR and storage businesses together 
If the project management task was a challenge then setting up the interlocking businesses which will run a cluster was a greater 
one as this extends into the operational phase. There was a whole spectrum of possible organisations from a central business 
running the entire chain to specialist businesses for each part of the chain and support requirement. Business organisation of CCS 
has been discussed and compared with approaches in related industries in a number of publications.  
 
Many of the services required in a CCS cluster project could be provided on a global basis to a number of clusters. The provision 
of CO2 shipping was one example where the possibility of an international rather than a localised business has been suggested. 
Such globalisation would bring considerable benefits in the form of access to expertise and in economies of scale. It remains a 
challenge to set up such globalised businesses to serve CCS clusters and point to point projects.  
 
One of the key lessons from the Rotterdam clusters was that momentum will have to be maintained over a long period in order to 
realise a CCS cluster project. How to attract the funding and people needed for this continuity remains a challenge. 
 
Of the other commercial challenges that of successfully identifying and connecting with all the “customers” was perhaps the 
most important. Because a cluster may involve interlocking businesses many elements will be both customer and supplier. 
However the problem was wider because the ultimate customers for CO2 reduction services were also National Governments, 
who were the ones making reduction commitments, individual people and organisations of all sizes within countries. 
Additionally those who might provide funding should also be considered as customers when analysing and setting up the 
business. As CO2 can be traded the customer base for a particular cluster could also be considered as global. To be able to 
identify, classify and tap in to all customers should greatly enhance the chances of success.  
 
Future cluster locations 
The final part of the scope of this study was to consider how to identify other locations where CCS clusters could be set up. 
Several studies have given indications of those locations where the juxtaposition of sources and sinks makes clustering 
interesting.  This can be the starting point but much more than this juxtaposition was needed for a cluster to be viable as a 
business. Several attributes have been identified which can be used to further filter out those places where clusters could be 
developed (see Table 7). 
Table 7, Different factors to be considered for CCS cluster projects 
 FACTOR EXPLANATION  
POSITIVE  
Mature oil fields onshore. Is a major revenue source 
Competitive CCS situation. Basic costs need to be competitive 
Gasification opportunities Where needed for other operations gives low cost capture 
State controlled industrial sector Easier to implement large centrally planned projects 
Relaxed attitude to State funding Easier to close the funding gap 
Affordability of state funding More likely that State can afford to contribute 
Receptive to foreign funding Widens scope for obtaining funding 
Ability to attract capture sources Strong local trade organisations should make this task easier 
Cheap coal due to shale gas Emission increase due to fuel switching/retaining coal plants 
NEGATIVE   
Shale gas etc. changes fuel mix Introduces great uncertainty into long term emission sources 
Migration of heavy industries  Existence of this trend leads to loss of emission sources 
Increasing power intermittency  High renewables reduces fossil power plant stream factors 
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Based on above mentioned attributes countries not mentioned which could consider cluster CCS could thus be Mexico, Indonesia 
oil producing regions of Russia and the countries of the Former Soviet Union and perhaps other locations in China. However a 
study of the juxtaposition of places high CO2 content natural gas, mature onshore oil and industrial emissions sources would be 
needed to identify such cluster CCS prospects. 
 
Conclusions and Recommendations 
The most successful clusters remain those based on use of CO2 for EOR. The funding/cost gap for CCS purely for emission 
reduction was currently an insurmountable obstacle to large scale CCS deployment whether as clusters or point to point projects. 
The cost reduction benefits of combining infrastructure were mainly in reducing the cost of transport by pipeline because of 
economies of scale. However the reductions were small compared to the overall CCS chain cost.  Furthermore a failure to utilise 
capacity within a few years would negate any economic advantage. Other benefits could result from pooling specialist services 
but were difficult to quantify. The cost reductions were greater for offshore pipelines because of the high mobilisation and laying 
costs and were also greater when there long distances from source to store. However both offshore and long distance routes make 
cluster locations less attractive.  
 
A major obstacle in early years was maintaining a core organisation able to carry a cluster project forwards. This can only be 
overcome if long term funding was committed so that key staff can be engaged and retained. In the long term the costs of this 
will be minor compared to the total investment in a CCS cluster. Those countries which clearly have a long term competitive 
cluster location should consider setting up and funding the necessary core organisation for as long as the project takes to come to 
fruition.  
 
Good cluster locations should be in a position to attract international funding and not just rely on providing the capture service on 
a local basis. Mechanisms and structures to allow this widening of support were absent and need to be put in place for clusters to 
succeed.  
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